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Background: There are two distinct types of gastric carcinoma (GC), intestinal, more frequently sporadic
and linked to environmental factors, and diffuse (undifferentiated) that is highly metastatic and characterized
by rapid disease progression and a poor prognosis. However, there are many conflicting data in the literature
concerning the association between histology and prognosis in GC. This meta-analysis was performed to
provide demonstration if histology according to Lauren classification is associated with different prognosis in
patients with GC.

Methods: We searched PubMed, the Cochrane Library, SCOPUS, Web of Science, CINAHL, and
EMBASE for all eligible studies. The combined hazard ratios (HRs) and their corresponding 95%
confidence intervals (CIs) in terms of overall survival (OS) were evaluated.

Results: A total of 73 published studies including 61,468 patients with GC were included in this meta-analysis.
Our analysis indicates that GC patients with diffuse-type histology have a worst prognosis than those with
intestinal subgroup in all studies (HR 1.23; 95% CI, 1.17-1.29; P<0.0001), in both loco-regional confined
(HR 1.21; 95% CI, 1.12-1.30; P<0.0001) and advanced disease (HR 1.25; 95% CI, 1.046-1.50; P=0.014),
in Asiatic (HR 1.2; 95% CI, 1.14-1.27; P<0.0001) and Western patients (HR 1.3; 95% CI, 1.19-1.41;
P<0.0001), and in those not exposed (HR 1.15; 95% CI, 1.07-1.24; P<0.0001) or exposed (HR 1.27; 95% CI,
1.17-1.37; P<0.0001) to (neo)adjuvant therapy.

Conclusions: Our results indicated that histology might be a useful prognostic marker for both early and
advanced GC patients, with intestinal-type associated with a better outcome. This information could be used

for stratification purpose in future clinical trials.

Keywords: Gastric cancer (GC); prognostic factor; Lauren classification; diffuse histology; meta-analysis

Submitted Oct 06, 2016. Accepted for publication Nov 23, 2016.
doi: 10.21037/jgo.2017.01.10
View this article at: http://dx.doi.org/10.21037/jg0.2017.01.10

Introduction worldwide (1). The prognosis of GC is mostly related

to disease extension according to the seventh TNM
Despite its incidence in Western countries had a steady classification (2). Currently, the clinical or pathological
decline over the last decade, gastric cancer (GC) still stage is the only validated tool available in the clinical

represents one of the major causes of cancer mortality practice to drive treatment decision-making. However, it
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must be pointed out that the individual risk of recurrence
significantly varies within the same stage, and overall
survival (OS) profoundly depends on additional prognostic
factors (3,4).

The diffuse and intestinal types of GC describe two
histological entities that are different with regard to
epidemiology, pathogenesis, biological features and
clinical behavior. Currently, there is no difference in
the clinical management of these two main histotypes
identified by both World Health Organization and Lauren’s
classification systems (5,6). It is generally recognized
that GC with a differentiated histology or intestinal-type
shows a better prognosis than individual with a poorly
differentiated histology or a diffuse-type (7). However,
most available studies were limited by the small sample size
and retrospective nature, with consequent methodological
limitations and barriers in validating the histotype as an
independent prognostic factor.

In this systematic review and meta-analysis, we aimed at
clarifying the prognostic value of Lauren’s classification in
patients with surgically resected GC.

Methods
Search strategy

The search was performed searching the electronic database
PubMed, the Cochrane Library, SCOPUS, Web of Science,
EMBASE and CINAHL up to December 2015. Searches
included the terms (“gastric cancer” or “gastric carcinoma”)
and (“Lauren” or intestinal or diffuse) and (multivariate or
maultivariable or cox regression) and (bazard ratio). Manual
selection of relevant studies was carried out based also
on the related articles function. The citation lists of all
retrieved articles were analyzed to identify other potentially
relevant reports.

Study selection and data extraction

The following criteria for eligibility among studies were set
before collecting articles: (I) histology according to Lauren
classification was evaluated in primary GC tissue (biopsies
or surgical specimen of primary tumor); (II) survival
information (median OS) at specific follow-up was reported
in the article as HR according to multivariate analysis, after
histology classification resulted significantly in univariate
analysis; (III) articles were published in English language;
(IV) when several articles were published by the same
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authors or group, the newest or most informative single
article was selected. Exclusion criteria were the following:
(I) no information on OS was provided; (II) letters to
editor/commentary, reviews, and articles published in a
book or papers; (III) clinical studies with chemotherapy
or concurrent chemoradiotherapy treatment investigating
response rates only.

Two authors (FaP and RB) did the search and
identification independently, and selection of an article
was reached by consensus with a third author (FiP). The
following information was extracted from each report by
the two authors independently: year of publication, country,
patient size, type of study, histology (intestinal vs. diffuse
disease rates), disease stage (locoregional tumors vs. stage IV),
surgery (rate), type and rate of (neo)adjuvant therapy,
survival data (HRs) and covariates indagates in multivariate
analysis.

Statistical analysis

For analysis of survival results, HRs were pooled to
provide an aggregate value. In this analysis, all HRs with
95% confidence intervals (Cls) adjusted for the maximum
number of covariates (significantly associated with OS
in univariate analysis) and available in the articles, were
combined for obtaining a prognostic information of
diffuse (vs. intestinal) histology, independent of other
clinicopathological covariates. Subgroup analysis was
performed according to race (Asiatic vs. non-Asiatic origin,
localized wvs. stage IV disease, and no systemic therapy
vs. systemic therapy exposure). Data were entered into
the Comprehensive Meta Analysis software v 3.3.070
(November 20™ 2014). The Cochran’s test was used
to assess the heterogeneity of included studies. For
heterogeneity tests, P<0.05 was considered to indicate
significance. If the test of heterogeneity was significant
(P<0.05 or I’ >50%), the random-effect model was used.
Otherwise, the fixed-effect model was used. By convention,
an observed HR of >1 implied the worst survival for the
group with diffuse histology.

We finally investigated publication bias for OS meta-
analysis with a visual inspection of funnel plots and with the
Begg-Mazumdar Kendall’s tau and Egger’s bias test (8,9).
Moreover, in the presence of publication bias for the
primary analyses, we conducted a trim-and-fill-adjusted
analysis (10) to remove the most extreme small studies
from the positive side of the funnel plot, and recalculated
the effect size at each iteration, until the funnel plot was
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Figure 1 Overview of trials search and selection.

symmetric about the (new) effect size.

Results

A total of 1,228 potentially relevant citations were reviewed
(Figure 1). Among them, 23 reported OS data as risk ratio
or odds ratio or did not report 95% CI for inclusion in the
final analysis. Ultimately, 73 studies (Zable 1) that reported
the prognostic value of histology classification for OS were
analyzed. The total number of patients included was 61,468,
ranging from 41 to 11,189 patients per study (median, 274).
The major characteristics are shown in Tuble 1.

In n=7 publications a retrospective analysis of
prospective trials was presented, all other publications
reported a retrospective analysis of surgically treated series
of patients with GC. The majority (n=45) were Asiatic
countries publications; the remaining n=28 publication
were of Western origin (including n=3 multinational, n=5
US, n=1 Brazilian, n=16 European, n=1 Giordany, n=1
Tunisian and n=1 Turkish series). Surgery of the primary
tumor was performed in all patients in n=68 studies.
Chemotherapy, plus or minus radiotherapy was offered to
many patients except in n=20 publication where no patients
received systemic therapy (in n=18 studies this data was
not reported). When reported, intestinal histology ranged
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from 8.5% to 83% of patients, diffuse subtype from 9.8%
to 73.5% (only in n=6 studies rates of different histologies
were not reported).

Meta-analysis of adjusted bazard ratios (HRs) for OS (all
studies)

The effect of histology classification on OS was evaluated in
all studies with a total of 61,468 patients analyzed. Overall,
the HRs of each study (adjusted for the maximum number
of the covariates available and with significant association
in univariate analysis) were pooled using a random-effect
model, and the final value (HR 1.23; 95% CI, 1.17-1.29;
P<0.0001; I’ 38%, P for heterogeneity 0.001; Figure 2),
indicates that diffuse histology was an indicator of worst
prognosis.

Subgroup analysis according to race, stage and systemic
therapy

In studies selected for the country (Asiatic vs. non-Asiatic
countries, only n=2 studies not included for mixed origins)
the increased risk of death associated with diffuse histology
was similar (HR 1.22; 95% CI, 1.15-1.29; P<0.0001 vs. HR
1.28; 95% CI, 1.19-1.38; P<0.0001 according to random
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S name Country Statistics for each study Hazard ratio and 95% ClI
Hazard Lower Upper Relative
ratio limit limit Z-Value p-Value weight
An 2010 Korea 0951 0533 1697 0,170 0,865 ¢ 0,61
Atmaca 2012 Geman 1,100 0810 1494 0610 0542 1,67
Ayed-Guerfali 2011 Tunisian 1650 0346 7868 0628 0,530 1 L 0,09
Bani-Hani 2005 Giordany 2530 089 7,192 1741 0,082 < 0,20
Becker 2012 Geman 0982 078 1227 0,160 0873 2,45
Bian 2012 China 1049 0,748 1471 0277 0,782 1,46
Bilici 2010 Turkey 0990 0230 4,261 0013 0989 0,11
Chen 2014 China 1024 0883 1,188 0314 0754 3,45
Choi 2007 Korea 0830 0450 1531 0597 0,551 St 0,55
de Maat 2007 the Nethedands 1,580 1,075 2322 2328 0,020 —pn 1,20
Deng 2015 China 1267 1,098 1462 3240 0,001 L g 3,52
Di bartolomeo Italy 1410 0970 2050 1,800 0,072 —— 1,25
Eom 2012 Korea 1030 0510 2080 0,082 0934 »- 043
Fujitani 2012 Japan 1323 0635 2756 0,747 0455 L g 0,40
Gomez-Martin 2015 Spain 1470 1,010 2,140 2,012 0,044 ——T 1,25
Gong 2005 us 1370 0,770 2438 1,071 0,284 —1——1 0,62
Guo 2013 China 1,182 1,045 1337 2660 0,008 @ 3,83
Ha 2013 Korea 1,301 0834 2029 1,160 0,246 —t ] 0,96
Hayashi 2008 Japan 1262 0668 2384 0,717 0473 ———1 0,52
He 2012 China 2470 1,166 5232 2361 0,018 L 0,38
Hsu 2011 Taiwan 1450 1,163 1808 3302 0,001 - 2,47
Hu 2015 China 1311 0,717 2397 0879 07379 — 1 0,57
Jang 2010 Korea 1085 0958 1229 1284 0,199 3,81
Janjigian 2012 us 1330 0930 1902 1562 0,118 1,34
Jun 2009 Korea 1540 0,782 3033 1249 0212 re— 0,46
Jung 2011 Korea 1585 1,135 2213 2,703 0,007 —1 1,48
Kulig 2010 Poland 1010 0870 1,173 0,131 0,896 343
Kunz 2012 us 1347 1264 1435 9,180 0,000 [ ) 4,69
Kawanishi 2000 Japan 1450 0426 4935 0595 0,552 @ 0,15
Kim KH 2011 Korea 1137 0,799 1618 0,713 0476 1,37
Kim MA 2005 Korea 1,106 0866 1413 0807 0420 2,21
Koh 2013 Korea 1912 1,147 3187 248 0,013 0,76
Kurokawa 2015 Japan 1070 0860 1331 0607 0544 2,49
Lee HS 2003 Korea 1460 0800 2665 1233 0218 - 0,57
Lee HS 2013 Korea 1790 0,894 3584 1644 0,100 - 0,44
Lee HW 2015 Korea 1579 0989 2521 1914 0,056 0,88
Lee JH2015 Korea 2216 0,184 26688 0627 0,531 0,04
Lee QJ 2009 Korea 1810 0380 8621 0745 0456 0,09
Marano 2015 Italy 1074 0,760 1518 0405 0686 e 1,41
Martinho 2013 Braal 1560 0,740 3289 1,169 0,243 . g 0,39
Matsubara 2008 Japan 1710 1,080 2708 2288 0,022 — 091
Mn 2015 China 1324 0839 2089 1206 0228 10— 0,92
Nagashima 2005 Japan 1,695 1,159 2479 2721 0,007 —— 1,22
Orditura 2014 Italy 1410 0460 4322 0601 0548 . 2 0,18
Otsuki 2011 Japan 1,100 0460 2630 0214 0830 o 0,29
Park KW 2014 Korea 1,165 0843 1610 0925 0,355 -+ 1,55
Park S 2015 Korea 1498 1019 2202 2,05 0,040 ——T 1,20
Pinheiro 1999 the Nethelands 1,440 1200 1,728 3,920 0,000 -2~ 2,95
Qu 2014 China 1440 1,004 2065 1,982 0,048 —— 1,33
Reim 2013 Geman 1245 1084 1430 3,102 0,002 - 3,59
Rodriguez Santiago 2005 Spain 2450 1370 4381 3,021 0,003 e — 0,61
Rosa 2014 Italy 1,340 0860 2088 1293 0,196 -1—0— 0,96
Sawaki 2012 Japan 3240 1,080 9,720 2,097 0036 ® 0,19
Shen 2014 China 1,150 0,790 1674 0,730 0466 —t— 1,25
Shim HJ 2011 Korea 1020 0620 1678 0,078 0,938 o — 0,79
Shim JH 2014 Korea 1250 0900 1,736 1331 0,183 -+ 1,52
Shim JH 2014 us 1250 0,830 1,883 1,068 0,285 @ 1,09
Shimoyama 2003 Japan 5800 1500 22427 2548 0011 iy 0,12
Shinmura 2014 Japan 1662 0871 3,171 1,541 0,123 & 0,50
Siema 2003 Spain 2,780 1470 5257 3,145 0,002 e — 0,52
Stiekema 2013 the Nethedands 2,317 1,188 4,519 2465 0014 ———— 0,47
Stiekema 2015 the Nethedands 1,310 1,030 1,666 2201 0,028 —0— 2,25
Sun 2015 China 1574 1,081 2292 2366 0,018 ——1- 1,25
Takashima 2014 Japan 1030 0800 1326 0229 0819 2,13
Tan 2011 Various 0810 0500 1312 0856 0,392 0,84
Verato 2015 Italy 1910 1,090 3347 2261 0024 —— 0,65
Wang BB 2011 Korea 1131 1,012 1264 2,170 0,030 4,02
Wang L 2003 us 0900 0500 1620 0,351 0725 0,60
Wang XW 2013 China 1,152 0,897 1479 1,108 0,268 2,15
Wu CW 2006 Taiwan 1200 0800 1800 0881 0378 1,11
Wu X 2010 China 1036 0,786 1366 0251 0,802 1,91
Xu 2012 China 1,181 0945 1476 1463 0,144 2,44
Yao 2004 us 0780 0,360 1690 0630 0529 < 0,36
Ye training cohort 2013 Various 1110 0630 1956 0,361 0,718 0,64
Ye testing cohort 2013 Various 0980 0750 1281 0,148 0,882 1,99
Ye validation cohort 2013 Various 0680 049 0944 -2307 0,021 —o— 1,52
1231 1,173 1292 8436 0,000 ¢
0,1 0,2 0,5 1 2 5 10

Figure 2 Meta-analysis (forest plot) of 73 studies assessing overall survival of diffuse vs intestinal histology in gastric cancer.
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Funnel plot of standard error by log hazard ratio
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Figure 3 Funnel plot for publication bias (all studies included) of

overall survival meta-analysis.

effect model).

The combined HR according to the stage of disease (stage
I-IIT in all tumors vs. stage IV disease only) was statistically
significant. In fact, a poorer prognosis was observed for
both stage I-III and more advanced stages GCs (n=25 vs.
n=7 studies) with diffuse histology (HR 1.21; 95% CI,
1.12-1.3; P<0.0001 ws. HR 1.25; 95% CI, 1.04-1.5; P=0.014
according to random effect model).

In patients exposed to systemic therapy (either for early
or advanced disease), the results were similar, with diffuse
histology associated with adverse prognosis (HR 1.27; 95%
CI, 1.17-1.37; P<0.0001). Similar results were observed
in studies that not included patients treated with systemic
therapy (HR 1.15; 95% CI, 1.07-1.24; P<0.0001 according
to random effect model).

Publication bias

Both Begg’s and Egger’s test were significant for publication
bias (Figure 3). Given the publication bias observed, we
calculated the Trim-and-Fill-adjusted analysis. With this
analysis, 16 missing studies based on a random effects model
(according to trim and fill method), put to the left side of
the mean effect, are calculated for a final HR 1.18 (95% CI,
1.12-1.24). Finally, the overall result remains unchanged
after the one-study-removed procedure, so no dominant
study was included.

Discussion

According to Lauren’s classification, GC is categorized
as intestinal- and diffuse types (5). Although the Lauren
classification system was developed in 1965, it is still
widely accepted and employed by pathologists and
oncologist, and represents a simple, reproducible and
robust classification approach. Intestinal-type GC is more

© Journal of Gastrointestinal Oncology. All rights reserved.

Petrelli et al. Lauren classification in GC

prevalent in men and older people and is associated with
chronic inflammation: as a consequence of Helicobacter
Pylori-related atrophic gastritis in the antrum, and as a
result of reflux in the gastroesophageal junction. Diffuse-
type GC is more prevalent in younger people and women,
with the absence of a pathogenetic role of inflammation
and strong relationship with cell adhesion dysfunction—
even as part of hereditary syndromes in germline CDH1
mutated patients. Clinically, the two histotypes of GC have
a different pattern of metastatic spread, with more frequent
peritoneal involvement in diffuse cancers (84). Currently,
the management of patients with GC is mostly dependent
on prognostic assessment based on clinical and pathological
stage, while histology still needs to be validated as a
prognostic or even predictive factor in patients with GC. As
a consequence, treatment algorithms and clinical trials have
not been tailored on histotype yet.

In this meta-analysis, we explored whether histology,
according to Lauren classification, retains an independent
prognostic significance in GC. To our knowledge, this
is the first meta-analysis to address this issue. The final
pooled analysis showed that diffuse histology, as literature
data previously suggested, is confirmed as an independent
prognostic factor in multivariate analysis in more than
60,000 patients with resected, localized or advanced GC.
In the global population, the risk of death was increased
by 23%, and this increased risk was not altered by race,
stage (locally advanced vs. metastatic) and exposure to
chemotherapy. As for now, this represents the most
updated systematic on this topic. Liu ez al. (7), previously,
conducted a meta-analysis examining the survival outcomes
among patients with diffuse vs. intestinal histology. They
found a better 5-year OS for patients treated with surgery
compared with radiotherapy. A major limitation of their
study was that they used adjusted and unadjusted odds
ratios that do not take into account adjustment for common
clinicopathological variables as our paper did.

In patients with GC, the clinical experience suggests a
significant variability of outcomes and responsiveness to
treatments. The heterogeneity of GC is related to several
factors such as epidemiology, pathogenesis, and disease
biology. Prognostic and predictive factors beyond disease
stage (3,4) are clearly needed, and histotype could be
proposed as a surrogate marker of disease biology. A 3-group
classification was previously proposed according to histology
and tumor site, namely “proximal non-diffuse”, “diffuse”,
and “distal non-diffuse” types (85,86). It was shown that the
subtypes have distinct gene expression profiles. Moreover,
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the TCGA study showed the presence of four genomic
subtypes [namely, EBV-positive, microsatellite instable,
Genome Stable and Chromosomal Instability (87)]. It
must be pointed out that microsatellite instable GC is
mainly represented by non-diffuse distal cancers while
genome stable by intestinal-type ones and chromosomal
instability by diffuse-type ones. Thus, there seems to be a
good correlation between histology and biology within the
TGCA dataset.

The clinical relevance of these data will hopefully allow
the distinction in managing each subtype separately. While
increasing our knowledge of biological heterogeneity of
GC, the goal is to use the distinct biologic subtypes as
prognostic and predictive biomarkers to improve patients’
management and outcome. However, limited work has
been done to create a consensus about the several published
subtypes, and their clinical applicability is still difficult
due to limited widespread of technologies and costs. Some
tools are nowadays implemented for estimating patients’
outcome, such as nomograms. One example in GC is
the nomogram developed by Kattan ez 4/. (88), where
the predictions were based on the following established
prognostic factors: patient’s age and gender, tumor size,
depth of tumor invasion, percentage of positive and negative
nodes and, notably, tumor primary location and histology.
Based on these data and our results, histology may be
already used as a simple, costless and easy stratification
factor in clinical trials for patients with homogeneous
disease stage. It may be also used with predictive purposes
when assessing the efficacy of newer drugs. Notably, it was
already shown that HER-2 amplification is mostly found
in intestinal-type and proximal cancers (89), while FGFR2
amplification is typical of diffuse tumors (90), and even anti-
angiogenic drugs may be more effective in intestinal-type
GC (91).

A limitation of this review, as with any review or meta-
analysis, is publication bias. Publication bias occurs when
negative results (negative histology results in our case),
which are often not published, are excluded. Analyses of
efficacy by histologic subtype may not be reported for
several reasons: the histology data were not collected;
analyses were not performed because the study was
inadequately powered or because historical evidence
suggested such analyses were not important; analyses were
performed but results were negative (and/or inconsistent
across other endpoints) and therefore not reported; or
results of analyses were positive but not reported because
it was unclear how to interpret the findings. However,
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heterogeneity was moderate (I’ =38%), and it has been
taken in account through a random effect model analysis.
Also, even if publication bias was somewhat significant
with Begg’s and Egger’ tests, the leave-one-out procedure,
excluded any “dominant” study. Furthermore, sensitivity
analysis adjusting for race, use of systemic therapy or stage
did not modify the overall result substantially. Finally, the
trim-and-fill procedure found that putting 16 asymmetric
studies on the left of the mean effect of the funnel plot;
the final results remained substantially unaltered. A second
limitation is the use of the Lauren instead World Health
Organization classification, that split adenocarcinomas in
papillary, tubular mucinous, poorly cohesive and mixed
forms. Only two papers included into classification of
diffuse types poorly cohesive or signet ring cases, and aim
of paper was the validation of prognostic significance of
Lauren’s subtypes, that is still controversial.

On the contrary, major strengths of this paper are
the comprehensive search strategy, careful selection of
studies, the attempt of subgroup analyses, and the use of
survival outcome that consider HRs adjusted for common
confounders.

Many biomarkers are being evaluated to establish
prognostic or predictive factors in GC, and several have been
identified for their potential key role, but their clinical use
remains controversial. In this scenario, the prognostic role of
histology seems to confirm a valid prognostic indicator and
will play a significant role in future clinical trials.
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